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@ Elastomeric compositions comprising a blend of a
neutralized sulphonated elastomeric polymer (e.g. sulphon-
ated EPDM) having 10 to 60 meq sulphonate groups per 100
grams of polymer and 5 to 75 parts of an urea or thiourea or 8
to 75 parts by weight of certain amines, &.g. an amino alky!
substituted napthylamine or a long chain n-alkyl amine.
These compositions have good flow properties and can be
made to process readily in moulding or extension opers-
tions.
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Recently a new class of thermoelastic sulfonated
polymers has been described in a number of U.S. patents
which are-non-applicable to the present invention. These
patents are U.S. Patents 3,642,728; 3,870,841l; 3,836,511;
and 3,847,854. ‘

This present invention relates to unique and novel
elastomeric compositions of a metal neutralized sulfonated
elastomeric polymer being plasticized with
a critically selected non-volatile amine; an organic urea
or thiourea wherein the compositions exhibit not only & sub-
stantial improvement in flow properties but unexpected and
substantial improvements in physical properties. Thus, essen-
tially intractable sulfonated polymer can be made to process
readily in conventional molding or extrusion operatioms.

The metal and ammonium neutralized sulfonated elas-
tomeric polymers of this present instant invention are de-
rived from unsaturated polymers which include low unsaturated
elastomeric polymers such as Butyl rubber, or EPDM terpolymers.
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The expression "Butyl rubber'" as employed in the
specification and claims is intended to include copolymers
made from a polymerization reaction mixture having therein
from 70 to 95.5% by weight of an isoolefin which has about
4 to 7 carbon atoms, e.g. isobutylene and 0.5 to 307 by

weight.-of a conjugated multiolefin having from 4 to 14 carbon

2zoms, @.g. isoprene. The resulting copolymer contains 85 to
99.8% by weight of combined isoolefin and 0.2 to 157 of com-
bined multioslefin.

Butyl rubber generally has a Staudinger molecular
weight ¢f 20,000 to 500,000, preferably 25,000 to 400,000
sspeciaily about 100,000 to 400,000 and a Wijs Iodine No. of

[

Ser is described in U.S. Patent 2,356,128.

-

For the purposes of this invention, the Butyl rub-

ber may have ‘ncorpc*ated’therein from 0.2 to 10% of combined

multiolefin; preferably 0.5 to 6%; more preferably 1 to 4%,

> -~ o
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.5 to 50, preferably 1 to 15. The preparation of Butyl rub-
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Illustrative of such @ Butyl rubber is Exmon Butyl
365 (Exxon Chemical Co.), having a mole -ercent unsaturation
of 2.07 and a Mocney viscosity (L, 1 + 3, 212°F.) of 40-50.

Low molecular weight Butyl rub@ers, i.e. Butyl rub-
bers having a Viscosity averagé molecula= weight of 5,000 to
85,000 and a mole percent unsaturation ¢=Z 1 to 5% may be sul-

fonated to produce the polymers useful iz this invention.

Preferably, these polymers have a viscosity average molecular
weight of 25,000 to 60,000.

The EPDM terpolymers are low umsaturated polymers
having 1 to 10.0 wt. 7 olefinic unsaturation, more preferabl -
about 2 to about 8, most preferably about 3 to 7 defined ac-
cording to the definition as found in ASTH{-D-1418-64 and is
intended to mean terpolymers containing a=thylene and prepylene
in the backbone and a diene in the side chzin. Illustrative
methods for producing these terpolymers zre found in U.S.
Patent 3,280,082, British Patent 1,030,219 and French Patent
1,386,600. The preferred polymers contzin 40 to 80 wt. %
ethylene and 1 to 10 wt. % of 2 diene momomer, the balance of
the polymer being propylene. Preferably, the polymer contains
45 to 75 wt. % ethylene, e.g. 50 wt. % ad 2.6 to 8.0 wt. %
diene monomer, e.g. 5.0 wt. %. The diens monomer is prefer-
ably a non-conjugated diene.

Illustrative of these non-conjugated diene monomers
which may be used in the terpolymer (EPD:i) are l,4-hexadiene,
dlcyclopentadlene, an alkylldene substltuted norbornene, eg 5—ethylicene
"-norbornene, ‘-methylene-"-norbornene, an alkylidene substituted norbornere
eg, J-propenyl-Z-norbornene, tetrahydroindene and methyl tetrahydroindere.

' A typical EPDM is Vistalon 2504 (Exxon Chemical Co.)
a terpolymer having a Mooney viscosity (L, 1 + 8, 212°F.) of
50 and having an ethylene content of 50 wt. 7 and S5-ethyli-
dene-2-norbornene content of 5.0 wt. %. The Mn of Vistalon
2504 is 47,000, the Mv is 145,000 and the Mw is 174,000.

Another EPDM terpolymer Vistalon 2504-20 is derived
from V-2504 (Exxon Chemical Co.) by & camtrolled extrusicn
process, wherein the resultant Mooney viscosity at 212°F. is
20. The Mo of Vistalon 2504-20 is 26,0035, the Mv is 93,000
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and the Mw is 125,000.

Nordel 1320 (duPont) is another terpolymer having
a Mooney viscosity at 212°F. of 25 and having 53 wt. % of
zthylene, 3.5 wt. % of 1,4-hexadiene, and about 43.5 wt. %
~f propylene.

The EPDM terpolymers of this invention have a num-
ber average molecular weight (Mn) of 10,000 to 200,000, more
preferably of 15,000 to 100,000, most preferably of 20,000
to 60,000. The Mooney viscosity (ML, 1 + 8, 212°F.) of the
EPDM terpolymer is 5 to 60, more preferably 10 to 50, and
most preferably 15 to 40. The }v of the EPDM terpolymer is
preferably below 350,000 and more preferably below 500,000
and more preferably below 350,000. i

One means for carrying out the sulfonation proceSs
of the invention, is to dissolve the elastomeric polymer in
a non-reactive solvent such as a chlorinated aliphatic hydro-
carbon, chlorinated aromatic hydrocarbon, an aromatic hydro-
carbon, or an aliphatic hydrocarbon such as carbon tetrachlor-
ide, dichloroethane, chlorobenzene, toluene, cyclohexane,
pentane, isopentane, hexane, isohexane, or heptane. The pre-
ferred solvents are the lower boiling aliphatic hydrocarbons.
A sulfonating agent is added to the solution of the elastomer-
ic polymer and nonreactive solvent at a temperature of -10°C.
to 100°C. for a period of time of 1 to 60 minutes, more pre-
ferably at room temperature for 5 to 45 minutes; and most pre-
ferably 15 to 30. Typical sulfonating agents are described
in U.S. Patents 3,642,728 and 3,836,511. These sulfonating
agents are selected fxm an acyl sulfate, a mixture of sulfur-
ic acid and an acid anhydride or a complex of a sulfur tri-
oxide donor and a Lewis base containing oxygen, sulfur or
phosphorous. Typical sulfur trioxide donors are SO3, chloro-
sulfonic acid, fluorosulfonic acid, sulfuric acid, oleum,
etc. Typical Lewis bases are: dioxane, tetrahydrofuran,
tetrahydrothiophenol, or triethylphosphate. The most pre-
ferred sulfonation agent for the invention is an acyl sulfate
selected from the group consisting essentially of benzoyl,
acetyl, propionyl or butyrl sulfate. The acyl sulfate can
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be formed in situ in the reaction mzdium in a chlorinated
aliphatic or aromatic hydrccarbon.

It should be pointed out that neither the sulfon-
ating agent nor the manner of sulfonation is critical, pro-
vided that the sulfonating method does not degrade the polymer
backbone. The reaction is quenched with an aliphatic alcohol
such as methanosl, ethanol, isopropanol, with an aromatic hy-
droxyl compound, such as phenol, a eyclo aliphatic alcohol
such as 2 cyclohexanol or with water. The sulfonated elas-
tomeric polymer has 10 to 60 meq sulfomate groups per 100
grams of sulfonated polymer, more preferably 15 to 50; and
most preferably 20 to 40. The meq of sulfonate groups/10C
grams of polymer is determined by both titration of the poly-
meric sulfonate and Dietert Sulfur analysis. In the titra-
tion of the sulfonated polymer the polymer is dissolved in a
solvent consisting of 95 parts of toluene and 5 parts of
methanol at a concentration level of 50 grams per liter of
solvent. The sulfonated polymer is titrated with ethanolic
sodium hydroxide to an Alizarin-Thymolphthalein endpoint.

Neutralization of the sulfonated elastomeric poly-
mer is done, for example, by the addition of a solution of
neutralizing agent such as a metal acetate :

- - - to the sulfonated elasto-
meric polymer dissolved in the mixture of the aliphatic alco-
hol and non-reactive solvent. The metal acetate is dissolved
in a binary solvent system consisting of water and/or an ali-
phatic alcohol. Typically, but non-limiting metal acetates
are sodium acetate, barium zcetate, magnes-
ium acetzte, aluminum acetate, potassium acetate, lead ace-

tate, and zirc acetate, wherein zinc acetate is preferred.
In general the cation used for neutralisation is-a metal from groups

1A, 11A, 1B or 11B of _the Peribdic Table,-.l.ead' antimony or ironm.

Sufficient neutralizing agent is added to the solu-
tion of the sulfonated elastomeric polymer to effect neutral-
ization of the sulfonated groups. It is preferable to neu-
tralize at least 95% of the sulfonated groups, more preifer-
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i ably 987, most preferably 100%. Metal oxides end hydroxides
g such as Znl ané Mg(OL), can also be errloyed to effect the
nautralization of the sulfonate groups.

t

, .
- N resultznt ne

{
r
*

u z
2 mzlt viscosity which is dependent upen the molecular weight
« of =zhe base tolvmer, the level oI sulfeonztion, and the associ-

-

7 aczd cation. An ET3M with an criginal Mooney viscositcy (L,
1 iy
e i

8 + &, 212°F.) of 55, centaining.40 meq. sulfonate/1C0 g EPDM
J cnd possessing caticns such as mercury, magnesiunm, calciun,
13 ccbale, lithiwn, barivm, soditm and the like may cruzble upeon
P reaving a capillary rheometer at 220°C. at a shear rate

a
nd will possess an apparent viscosity in ex-
13 cess of 5 x 10° poise. an EPDM with an original fooney viscos-
14 ity 4L, 1 +-8, 212°F.) of 20, containing 30 meq. sulforate/

15 100 g. EPD¥, and possessing cations such as zinc, or lead
6

13  ammonium possess apparent visceosities if from 10~ to 10 x
17 106 poise at & shear rate of 0.73 sec = at 200°C.

18 . | : . -
- ¢ .

&

20 On the other hand the physical properties of the

21  unplasticized sulfonated and neutralized elastomers improve
22 with increesing sulfonate content. :

23 : o AU

24 Good development of physical preperties usually

25 start to occur when 20 meq. sulfonz2te/100 g polymer are pres-
26 ent, and the physical properties obtained at 30 meq. sulfon-
27 ate/l00 g. polymer and higher zre preferred. However, even
28 at these higher levels of sulfonate the unplasticized neu-

29 tralized sulfonated elastomers still possess relatively

30 modest physiczl properties, and the melt viscosities are so
31 high that mixing or processing these gums in the absence of
32 a plasticizer on conventional equipment is extremely diffi-
33  cult if not impossible.

.

U.S. 3,847,855 and its equivalent Fr 2121234 addresséd itself

35 to the problem of mglt processability in metal sulfonate containing elastomers
36 and & large nucber of caterials are clainmed as plasticizers

27 icncmers lower melt viscosities at pro-

$ern
-l leas
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cessing temperatures and thereby permit melt fabrication.
However, many of the materials included are relatively poor
flow improvers.

U.S. Patent 3,847,854 teaches that the effective
flow improvers have an adverse effect on physical properties
and therefore directs that no more than 6=7 wt. % of a non-
volatile plasticizer be used above which improvements in melt

flow was taught to be associated with a loss in physical

properties.

The melt viscosities of the systems investigated
herein were determined through the use of a standard melt
index apparatus at 190°C., and generally at 250 psi. Mater-
ials possessing a melt index under these conditions of very
roughly 0.2 g/10 min. or greater can be considered mixable
with plasticizers, fillers extender oils, and other addi-
tives in high intensity, high shear rate mixers.

It has been found that among a large number of non-
volatile functional organic compounds that critically se-
lected organic amines, organic ureas or-organic thioureas
provide for an excellent balance of markedly improved flow
properties and at the same time good physical properties.
Contrary to the teachings of U.S. 3,847,854 these amines,
ureas or thioureas can be used at concentrations far beyond
6-7 parts by weight of amines,ureas or thiourea/100 polymer.

Useful organic urea or thiourea for the practice
of this invention are those with the genera structure

- H A H

! " t
Ry - N-C-N-=-Ry
wherein A is - - —. oxygen or
sulfur, and Ry and R, which can be the same or different are
, . aralkyl groups such as
benzyl, aryl groups such as phenyl or tolyl, or alkyl groups
such as octadecyl. 1In the case that both Ry and R, are alkyl
groups, at least one of them must be a Cy, to Cyyp alkyl, more
preferably C16 to sz alkyl, and most preferably 018 to Cyy
alkyl and mixtures thereof. A preferred urea plasticizer is
dibenzyl urea and preferred thioureas are l,3-didodecyl-2-thi-
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ourea, and N,N' di-P-tolylthiourea.

In order to exhibit the substantial improvements
in the balance of melt processability and physical proper-
ties the organic urea or thiourea must at least be solid at
room temperature and preferably possess melting points of
50°C. and higher, most preferably 70°C. or higher.

In order to achieve an enhanced balance of good
nelt flow combined with satisfactory physical properties it
is important to incorporate the organic urea or thiourea in-
to the neutralized sulfonated elastomer at 5 to 75 parts by
weight per hundred of the sulfonated polymer, more preferably
at 5 to 50, and most preferably at 8§ to 30.

Improvements in flow while maintaining satisfactory
physical properties are obtainable with a variety of catioms.
Of the many useful cations Zn, Pb, Ba, Ca, K, Mg and Na are
preferred. Most preferred is the Zn sulfonate which provides
organic urea or thiourea plasticized gums with good physical
properties and ready melt processability.

Useful emines for the practice of this invention
are critically selected from saturated n-alkyl amines, where-
in alkyl group has at least 20 carbon atoms; and monc and di
amino as well as aminoalkyl substituted naphthalene compounds
and mixtures thereof. Preferred amine plasticizers are
arachidylarine, behenylamine, 1,5-diaminonaphthalene and 8-
amino-2-naphthol. 4 L

'7 In order to exhibit the substantial improvements
in processability and physical properties the critically se-
lected amines must at least be solids at room temperatures.

In order to achieve good melt flow and physical
properties it is important to incorporate the critically se-
lected amine into the neutralized sulfonated elastomer at 8
to 75 parts by weight per hundred of the sulfonated polymer,
more preferably at 9 to 50, and most preferably at 10 to 30.

Improvements in flow and physical properties with
amine plasticizers are obtainable with & variety of czatioms.
Of the many useful cations, Zn, Pb, Ba, Ca, Mg, K, and Na are
preferred. Most preferred is the Zn sulfonate which provides
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organic amine plasticized gums with good physical properties
and ready melt processability.

The amines, ureas or thioureas can be incorporated
into the unplasticized gums in a number of ways. One means
is the addition of the amide ta the cement of the sulfonated
and neutralized polymer prior to its isolation during the
manufacturing process. The resultant plasticized polymer

‘can still have sufficiently high viscosity and integrity at

the usual temperatures of drying so that it could be easily
and conveniently dried in a tumble dryer or fluid bed dryer
with hot air at for example 100°C. Yet the plasticized
polymer can be made to possess sufficiently low viscosity so
that it may be dewatered and dried in a dewatering extruder.

Amines, ureas or thioureas can also be added to the
gums through the solution of already isolated and dried un-
plasticized gums and the addition of the amine to this solu-
tion. The resultant blend is isolated in the usual manner.
Alternatively in cases where the unplasticized gums do not
possess too high of a viscosity, it is possible to flux the
gum and the amine in high intensity,high shear mixers such as
Banbury mixers and Farrell continuous mixers.

EXAMPLE 1 - PREPARATION OF A NEUTRALIZED LIGHTLY SULFONATED
POLYMER
An EPDM was used as the backbone elastomeric poly-
mer. It had a compositim of about 52 wt. % ethylene, 43 wt.
% propylene and 5 wt. % of S5-ethylidene-2-norbornene, and it
had & Mooney viscosity ML @100°C. (1 + 8 min.) of 20. This
base polymer was lightly sulfonated using acetyl sulfate in
accordance with the method disclosed in U.S. Patent 3,836,511,
to a sulfonate level of 32 meq. per 100 g. of base polymer.
The acid form of this lightly sulfonated elastomer was neutral-
ized in solution by the addition of excess zinc acetate at a
concentration of 60 meq. per 100 g. of polymer. This material
was steam stripped and then dried in a fluidized bed hot air
drier. This material was utilized for the preparation of
some of the samples which are described in the following
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examples. This zinc neutralized lightly sulfonated EPDM
was quite tough even at elevated temperatures, and it was
too intractable to be fabricated by rapid polymer processing
techniques such as extrusion or injection molding.

EXAMPLE 2 - MELT INCORPCRATION OF ARACHIDYLAMINE INTO A
NEUTRALIZZD LIGHTLY SULFONATED POLYMER

45.8 g of the neutralized lightly sulfonated poly-
zer in a crumb form prepared in Example 1 was briefly mixed
in a2 beaker with a spatula with 8.2 g of powdered arachidyl-
amine. This was a concentration of 60 meq. of arachidylamine
per 100 g of gum, or 15.2 wt. 7 additive. This blend was
added to & Brabender Plasticorder having a 60 cc mixing head
with Banbury mixers. The material was mixed at 160°C. and 50
RPM. Very rapidly the material fused into a coherent melt
which mixed very well in the mixing head and resulted in ex-
cellent dispersion of the additive. Six minutes after the
addition of the blend to the mixer had been completed, mixing
was terminated. Then the material was sheeted out by a
single pass through a two-roll mill having about 0.040 inch
roll separation.

EXAMPLE 3 - PREPARATION. OF TEST SAMPLES, AND MEASUREMENT OF
FLOW AND TENSILE PROPERTIES OF A LIGHTLY SULFON-
ATED EPDM PLASTICIZED WITH VARIOUS SUBSTITUTED
AMINES AT HIGH CONCENTRATIONS

Various substituted amines were incorporated into
samplas of the neutralized sulfonzted EPDM described in
Example 1, using procedures similar to those described in
Example 2. Good mixing was obtained in each case, and homo-
geneous materials were produced in each mix. Test pads were
made from each of these samples prepared in Example 2, by
compression molding at 350°F. The procedure was to preheat
the empty mold plztes in the press for a few minutes, then
the material was put in the mold and the mold containing the
material was preheated .in the press with the mold plates
slightly open for two minutes. Then the mold plates were
pressed closed under a force of about 20 tons for two min-
utes. The samples-were cooled in the molds under pressure
for two minutes. Microtensile pads having a thickness of 0.6
mm and test regions measuring 2.54 mm in width and 12.7 mm in
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length were cut from the test pads with a die. The samples
were stored in closed dry bottles for one or more days pfior
to tensile testing.

Tensile strengths of the samples were measured with
an Instron TM table model instrument, using a pulling speed
of 51 mm per minute. Measurements were made at room tempera-
ture (25°C.), and also at a higher temperature to determine
the usefulness of the materials at elevated temperature. In
the measurements at elevated temperature, after being placed
in the testing oven, & 3 minute waiting period was allowed
before pulling to enable the sample to equilibrate with the
oven temperature. The elevated temperature utilized in most
measurements was 70°C.

Melt flow rates for the various materials were de-
termined at 190°C. which is in the range of typical processing
temperatures for lightly sulfonated EPDM. The melt index
instrument specified in ASTM 1238-70 was used, with the
standard capillary. The weight of the probe plus the added
weight was 12.5 kilograms. Flow rates were measured elec-
tronically as probe displacement per minute, and these re-
sults were converted to grams per 10 minutes using & convers-
ion factor.

The melt flow rates and temnsile properties for the
plasticized lightly sulfonated EPDM samples are shown in
Table I. These results show that a lightly sulfonated EPDM
material plasticized with high concentrations of various sub-
stituted amines result in much improved melt flow rates, over
30 times that of the nonplasticized gum, resulting in much
better processaability at fabrication temperatures. It can
alsc be seen from Table I that the room temperature tensile
strengths are far above that of the nomplasticized sulfonated
gum. In particular, the room temperature tensile strengths
of the 1,5 diaminonaphthalene and 8-amino-2-naphthol are ex-

tremely outstanding. .Likewise, even at 70°C. tensile strengths

of these two additives are far better than the nonplasticized
gum. Since these materials are thermoplastic elastomers and
have good melt flow at processing temperatures (say, 190°C.),
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such high tensile strengths of nearly 900 psi at this ele-
vated temperature are quite outstanding. The gum plasticized
with the archidylamine is recommended for applications which
will invelve use in the vicinity of room temperature, or for
low temperature applicatidns tecause of its poor strength at
T2°C. Presumably the poor strength of the arachidylamine at
73°C. 1is a resul:z of its relatively low melting point.

This example includes a hydroxyaminonaphthalene.
It is remarkable how close the properties of this hydroxy sub-
stitute¢ naohthalene are to the properties of the 1,5-di-
aminonaphthalene reported in Table I. Since the monohydroxy
functionality is a2 considerably less effective melt flow im-
prover for these materials than the amine functionality (e.g.
see Table VI), it appears that the presence of the hydroxy
functionality doesn't affect melt flow properties much,
though it does have an important effect on the temperature
of onset of phase separation of the additive. Also, in view
of the similarity in the properties of these two substituted
naphthalenes, it seems that in the i;S-diaminonaphthalene
only on of the amine substituents is being very effective in
sromoting melt flow of the sulfonated elastomer. However,
the presence of the second amine group would have an import-
ant effect on the temperatures of phase separation of the ad-
ditive. o Ny

This example;illuStrétés that high concentrations
of various substituted amines at well above the levels taught
to be detrimental by prior art can give an outstanding bal-
ance of excellent tensile propértiéé at use temperature com-
bined with satisfactory melt flow at processing temperature.

5
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EXAMPLE 4 - A CLASS OF AMINES NOT GIVING GOOD MELT FLOW AS
ADDITIVES AT HIGH CONCENTRATIONS TO A SULFONATED
EPDM

Two samples of neutralized sulfonated EPDM prepared
in the manner cescribed in Example 1, were plasticized with
N,N'diphenyl-p-phenylenediamine, and with triphenylamine in
the Brzbender Plasticorder described in Example 2. The con-
centracions were 15.6 and 13.2 wt. percent respectively. 1In
the mixing of these additives into the non-plasticized gum,
the material was slow to fuse, and when fusion occurred the
melts were quite tough and they tended to break into chunks
during mixing rather than forming a smooth coherent melt
within the mixer. Also, mixing times tended to be longer
with these tough materials. However, in spite of the mixing
difficulties, it appeared that satisfactory homogeneity was
obtained in the mix, and the materials removed from the mixer
appeared to be uniform. Melt flow measurements were made at
190°C. for these materials according to the procedures of
Example 3. '

The melt flow rates measured for N,N'diphenyl-p-
phenylenediamine, and triphenylamine are listed in Table II.
The flow rates are quite low -- less than one-quarter of the
lowest value for a plasticized material in Table I. This
example shows a class of amines which has relatively poor
effectiveness as - a melt flow improver. In the N,N'diphenyl-
p-phenylenediamine both of the nitrogen atoms are attached
to two phenyl rings. In the triphenylamine, of course, the
nitrogen atom is attached to three phenyl rings. Apparently,
when the nitrogen atom is attached to two or more phenyl
rings it becomes a less effective melt flow improver.

TABLE II |
SOME TYPES OF AMINES NOT GIVING GOOD

MELT FLOW AS ADDITIVES AT HIGH CON-
CENTRATIONS TO A SULFONATED EPDM

Concentration Melt Fliw
(mmoles/LlU0- g Rate’
Acditive ) of gum) wWe. % (2/10 min)
N,N'diphenvl p-
phenvlznediafine 71 15.6 0.055
Trizhenylamine 62 13.2 0.014

T. 2a9TM L238-70, Standard Capillary, 190°C. 250 psi.
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EXAMPLE 5 - SOME SELECTED AMINES GIVING RELATIVELY LOW TENSILE
STRENGTH AS ADDITIVES AT HIGH CONCENTRATIONS TO
A SULFONATED EPDM

Samples of neutralized sulfonated EPDM prepared in
the manner described in Example 1, were plasticized at high
concentrations with various substituted amines in the manner
described in Example 2. Melt flow and tensile measurements
were made according to the procedures of Example 3. Results
for these materials are shown in Table III. The materials
listed in Table III are some amines which were found to have
relatively low room temperature tensile strength. Three of
these materials show unusually high melt flow rates at 190°C;
however, they also have unusually low tensile strength. Ap-
parently the cause of the relatively low room temperature ten-
sile strengths for these materials is that they continue to
be very effective plasticizers even at room temperature. All
of these four additives have melting points either only
slightly above room temperature or below room temperature, and
apparently at room temperature where the tensile measurements
were made they are not appreciably phase separated from the
polymer phase, so they continue to interact with and strongly
plasticize the ionic polymer. This causes the materials to
yield and break at rel atively low forces. Di and tri alkyl
amines seem to be particularly effective melt flow improvers
for sulfonated EPDM: this is noteworthy in view of their rela-
tively low dipole moments. However, many of the di and tri
alkyl amines have relatively low melting points and they are
not appreciably phase separated from the polymer at room
temperature. These additives also seem to have more diffi-
culty phase separating fram the EPDM than the normal amines --
perhaps because their structure makes proper packing more
difficult so that their phase separation as a dispersed solid
from the polymer phase often tends to occur further below
their melting point than for normal alkyl amines. For these
reasons di and tri alkyl amines in sulfonated elastomers
are more suited to applications not requiring substantial
strength, such as in caulking and coating applications or in

{
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solution applicatioms.

In the case of the dodecylamine it appears that
its cheain length is too short to give very good tensile
strength at room temperature. Longer chain length normal
saturated amines, such as the arachidylamine (20 carbon
chain) included in Table I give good tensile strength at
roox temperature, combined with good melt flow at processing

temperatures.
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EXAMPLE 6 - PHYSICAL PROPERTIES AS A FUNCTION OF CONCENTRA-
TIONS FOR SOME SUBSTITUTED AMINES IN A SULFON-
ATED EPDM

Samples of neutralized sulfonated EPDM prepared
in the sanner described in Example 1 were plasticized with

~aricus levels of two substituted amines, 1,5-diaminonaphtha-
lene and 8-amino-2-naphthol, in the Brabender mixing head
described in Example 2. The different concentrations of each
sazple were prepared as follows. For the lowest levels of
each of these additives, 37 g. of the nonplasticized gum des-
cribed in Example 1 was added to the mixing head, and then
0.9 g of the additive was added. A mixing speed of 50 RPM
was used for almost all of the mixing in the Brabender mixing
head. For each additive, mixing was started at 160°C. but be-
cause of their higher melting points, temperatures of up to
210°C. were used for short times during the mixing procedures.
About 3 minutes after adding each of the materials, they were
mixing well and were well homogenized. At this point for
each additive a small sacple of about 6 g was removed from
the melt through the gate of the mixing head. Then an addi-
tional 1.88 g. of the particular plasticizer was added and
additional nonplasticized sulfonated EPDM gum was added to
£ill the mixing head. This material was mixed until it was
mixing well and the torque reading had stabilized; usually
this taok about 3 minutes, and then a second sample of about
6 g. was removed from the mixing head. Calculations of wt. 7
additive for these samples took into consideration the sample
previcusly removed as well as the additiomal additive and
nonplasticized gum added after the earlier sample was taken.
After the second sample was removed and weighed, an addition-
al 5.25'g. of the particular additive was added and also addi-
tional nbnplasticized gﬁm to adequately fill the Brabender
mixing head so that the gate was just barely bouncing. The
amount of nonplasticized gum needed was determined by running
the mixing head for a short time (roughly 15 seconds) and ob-
serving whether the gate was bouncing slightly -- indicating
a filled mixing head. After about 3 minutes mixing at this
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highest concentration for each édditive, the mixing torque
had stabilized, the sample was well homogenized, and the
full sample was removed from the mixing head and sheeted
out with a single pass through a 100°C. 2 roll mill having
a roll separaticn of about 0.04 inches.

The concentrations of the 1,5-diaminonaphthalene
were 2.4, 5.2, and 15 wt. 7% and the concentrations of the 8-
amino-2-naphthol were 2.4, 5.6 and 15 wt. %. Satisfactory
mixing was achieved at all concentrations, though, for each
additive the melt was considerably tougher and more difficult
to mix at the lowest concentration. Tensile properties, and
melt flow rates at 190°C. are shown in Table IV, along with
the nonmplasticized sulfonated gum for reference.

This example shows that as the concentration of ad-
ditive is increased for these plasticizers there is a dramatic
increase in the melt flow rate. Higher flow rates are very
desirable for rapid fabrication techniques, such as the high
speed extrusion of articles, and for fast cycle times and ade-
quate mold filling in injectioﬁ molding operations. The
higher melt flow rates resulting fmm the high concentrations
of additives alsc result in correspondingly greater melt flow
rates in compounds made from these gums -- such as, for ex-

"ample, compounds with oil and fillers, or blends with plastics.

Thus, & substantial gain in processability of compounds is
achieved through the use of high concentrations of these plas-
ticizers, in the same way as a substantial gain in process-
ability of the gums was illustrated in this example.

For the 1,5-diaminonaphthalene additive the tensile
properties were also measured at all three concentratioms.
It is remarkable that at the highest concentration of 15 wt.
% the tensile strength is over 507 greater than at the lower
concentrations. This behavior is quite unexpected in view of
prior art which clearly teaches that concentrations of 67 or
above are detrimental to physical properties. Not only is
the high concentration not detrimental, but it results in a
very large improvement in tensile strength. The very excel-
lent tensile strength combined with the improved melt flow
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rate result in an outstanding balance of tensile and rheo-
logical properties for this material at this high concentra-
tion of addicive.

Ly O 2
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EXAMPLE 7 - TENSILE PROPERTIES AS A FUNCTION OF TEMPERATURE
FOR A SULFONATED EPDM CONTAINING DIFFERENT ADDI-
TIVES AT HIGH CONCENTRATION

The neutralized sulfonated EPDM described in
Example 1 was plasticized with 15 wt. % of 1,5-diaminonaphthal-
ene in the Brabender mixing head described in Example 2. Ten-

sile measurements were made over a range of temperatures from
room temperature up to 120°C. using the procedures described
in Example 3. Results are shown in Table V. For comparison,
results for stearic acid, a commonly used organic plasticizer
for sulfionated EPDM, are also shown. It is seen from Table V,
that in spite of the high level of 1,5-diaminonaphthalene
present in the sulfonated EPDM excellent tensile strengths
are obtained for this material up to 100°C. Even at 120°C
the tensile strength is over 100 psi; this is a very re-~
spectable strength for this thermoplastic elastomer consider-
ing that at 190°C. the material is readily melt processable
(e.g. see melt flow rate at 190°C. in Table I). In compari-
son, the frequently used plasticizer stearic acid has a ten-
sile strength of far below 100 psi at a temperature of 70°C.
This example illustrates the relatively outstanding tensile
properties of 1,5-diaminonaphthalene at high temperature.
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EXAMPLE 8 - COMPARISON OF PROPERTIES OF SULFONATED EPDM GUMS
PLASTICIZED WITH HIGH CONCENTRATIONS OF VARIOUS
FUNCTIONAL TYPES HAVING LONG ALKYL CHAINS

Samples of the nonplasticized gum described in
Example 1 were mixed with high concentrations of additives

having various different functional groups. Each of these
additives contained a long alkyl chain to insure reasonably
good compatability with the gum at processing temperatures.
The functional groups in Table VI include amine, ester,
ketone, phthalate, alcohol, and nitrile as well as a C18 wax
for reference. Each material was incorporated in the non-
plasticized lightly sulfonated EPDM prepared in Example 1, at
a concentration of 60 meq. per 100 g of gum. The procedure
described in Example 2 was used for incorporating the addi-
tives into the nonplasticized gum. The mixes which resulted
in very low melt flow rate compositions (see Table V1) were
difficult to mix and required longer times (perhaps 10 min-
utes or slightly longer) in the Brabender mixer. Also, these
low melt flow rate compositions tended to mix as chunks rather
than forming a coherent sheet or melt within the mixer. For
example, the nitrile and ketone plasticized samples were par-
ticularly difficult to mix. However, it appeared that ade-
quate dispersion of the additive in each of the samples was
accomplished, and the material removed from the mixer appeared
to be uniform in all cases. Melt flow rates and tensile
measurements were made on each of the samples using the pro-
cedures described in Exam?le 3. The results are shown in
Table VI.

The sixz additives with functional groups shown here
all have dipole moments well above 0.6 Debyes, so the prior
art does not distinguish between which will be the more effec-
tive additives; yet, when used at identical molar concentra-
tions there is a difference of about a factor of 75 between
the poorest and the best flow improver here.

Theée results show that numerous organic chemicals
having high dipole moments are relatively poor as melt flow
improvers when used at high concentrations in a sulfonated
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elastomer. It ig noteworthy that the amine in Table VI hag
one of the lowest dipole moments of the functional groups

listed there, yet it is the most effective plasticizer by
far,
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EXAMPLE 9 - PREPARATION OF TEST SAMPLES, AND MEASUREMENT OF
' FLOW AND TENSILE PROPERTIES OF A LIGHTLY SULFON-
ATED EPDM PIA STICIZED WITH VARIQUS SUBSTITUTED
UREAS AT HIGH CONCENTRATIONS

Vaerious substituted ureas were incorporated into
samples of the neutralized sulfonated EPDM described in
Example 1, using procedures similar to those described in
Example 2. Excellent, homogeneous materials were obtained in
each case. Test pads were made from each of these samples by
compression molding at 350°F. The procedure was to preheat
the empty mold plates in the press for a fe'” minutes, thep the
material was put in the mold and the mold co~“aining the mate®¥
ial was preheated in the press with the mold plates slightly :
open for two minutes. Then the mold plates were pressed closed
under a force of about 20 tons for two minutes. The samples
were cooled in the molds under pressure for two minutes.
Microtensile pads having a thickness of about 0.6 mm and test
regions measuring 2.54 mm in width and 12.7 mm in length were
cut from the test pads with a die. The samples were stored
in closed dry bottles for one or more days prior to tensile
testing. V

Tensile strengths of the samples were measured with «

2 Instron TM table model instrument, using a pulling speed of
51 mm per minute. Measurements were made at room temperature
(25°C.), and also at a higher temperature to determine the
usefulness of the materials at elevated temperature. In the
measurements at elevated temperature, after being placed in
the testing oven, a three minute waiting period was allowed
before pulling to enable the sample to equilibrate with the
oven temperature. The elevated temperature utilized in most
measurements was 70°C. ,

Melt flow rates for the various materials were de-
termined at 190°C. which is in the range of typical process-
ing temperatures for lightly sulfonated EPDM. The melt in-
dex instrument specified in ASTM 1238-70 was used, with the
standard capillary. The weight of the probe plus the added
weight was 12.5 kilograms. Flow rates were measured elec-
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tronically as probe displacement per minute, and these re-
sults were converted to grams per 10 minutes using a2 con-
version factor.

The melt flow rates and tensile properties for the
lightly sulfonated EPDM samples plasticized with various sub-
stituted ureas at high concentrations are shown in Table 1;
properties of the non-plasticized lightly sulfonated EPDM
gum are also shown in Table VII for reference .

This example shows that a lightly sulfonated E§DM
material platicized with high concentrations of various sub-
stituted ureas results in tremendously improved melt flow
rates, as compared with the non-plasticized material, for
much better processability at fabrication temperatures. In
addition, it can be seen from Table VII that the tensile
strengths are well above that of the non-plasticized gum.
Therefore, it is clear that high concentrations of various
substituted ureas can give a very desirable balance of good
tensile properties combined with excellent melt flow at pro-
cessing temperatures.
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EXAMPLE 10 - FLOW AND TENSILE PROPERTIES OF A SULFONATED EPDM
GUM PLASTICIZED WITH SOME SUBSTITUTED UREAS AT
DIFFERENT CONCEXTRATIONS

Samples of neutralized sulfonated EPDM prepared as
in EZxample 1 were plasticized with various levels of octa-
decylurea and dibenzylurea in the Brabender Plasticorder des-
cribed in Example 2. The two. octadecylurea samples were pre-
pared in the manner described in Example 2, except of course,
one of the mixes contained the lower 30 meq./100 g. level of
octadecylurea. The dibenzylurea samples were prepared by a
slightly different procedure. For the lowest level of dibenzl-
vrea, 37 g of the non-plasticized gum descriged in Example 1
was added to the mixing head, and thenr 0.9 g of the additive
was added. A mixing speed of 50 RPM was used for almost all
of the mixing in the Brabender mixing head. 1In the case of
the dibenzlurea additive, mixing was started at 160°C., but
because cf its higher melting point, temperatures of up to
177°C. were used during the mixing procedure. Three minutes
after adding the dibenzlurea the material was mixing well
and was well homogenized. At this point a small sample of
about 6 g was removed from the melt through the gate of the
mixing head. Then an additional 1.88 g of the dibenzlurea
was added, and additional non-plasticized sulfonated EPDM gum
was added to fill the ﬂixing,head. This material was mixed
until it was mixing well, and the torque reading had stabil-
ized; a total of about three minutes, and then a- second sample
of about 6 g was taken. Calculations of wt. percent additive
for this sample took into consideration the sample previously

removed, as well as the additional additive and mon-plasti-

cized gum added after the earlier sample was taken. After

the second sample was removed and weighed, an additional

5.25 g of the dibenzlurea was added and also additional non-
plasticized gum to adequately £i1l the Brabender mixing head
so that the gate was just barely bouncing. The amount of non-
plasticized gum needed was determined by running the mixing
head for & short time (:oughly 15 seconds) and observing
whether the gate was bouhcing slightly -- indicating 2 filled
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mixing head. After about three minutes mixing at this high-
est concentration of additive, the mixing torque had stabil-
ized, the sample was well homogenized, and the full sample
was removed from the mixing head and skeeted out with a
single pass through a 100°C. two-roll mill having a roll sep-
ration of about 0.04 inches.

, The concentrations of dibenzylurea were 2.4, 5.8
ad 15.2 wt. 7. Satisfactory mixing was achieved at all
concentrations, though the melt was considerably tougher at
the lowest conceritration. Tensile properties and melt flow
rates at 190°C. are shown in Table VIII, along with the non-
plasticized sulfonated gum for reference.

This example shows that as the concentration of ad-
ditive is increased for these plasticizers, there is a dramat-
ic increase in the melt flow rate. The higher flow rates are
very desirable for rapid fabrication techniques, such as the
high speed extrusion of articles, and for fast cycle times
and adequate mold filling injection molding operations. The
hiigher melt flow rates resulting from the high concentrations
of additives also result in correspondingly greater melt flow
rates in ccmpounds made from these gums -- such as, for ex-
ample, compounds with oil and fillers, or blends with plastics.
Thus, a substantial gain in processability of compounds is
achieved through the use of high concentrations of these
placticizers, in the same way as a substantial gain in pro-
cessability of the gums was illustrated in these samples.

. For the dibenzylurea additive of this éxample,
large increases in melt flow rate are observed in Table VIII
as the concentration increases from 2.4 to 15.2 wt. %. While
the melt flow rate is increasing so greatly with increases in
concentration, we see that the tensile strength at the high-
est concentration of over 15 wt. % is above 3500 psi which
is an extremely good tensile strength, and more than 5 times
that of the unplasticized sulfonated EPDM gum. This tensile
strength is considerably greater than the temsile strength
at 5.8 wt. % additive -- about 507 more. This result is
quite surprising in view of the prior art which teaches that
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tensile properties deteriorate as additive concentrations in-
crease passed 6 wt. %. Indeed, there was a substantial de-
crease in tensile strength for the dibenzlurea additive in
going from 2.4 to 5.8 wt. % in agreement with the exceptions
of prior art; however, &s concentration is increased to 15
wt. % additive, a tensile strength even superior to that at
the lower concentrations is obtained. Therefore, it is seen
that concentrations of dove 5 parts per hundred wt. % can-
result in particularly excellent room temperature tensile
strength and outstanding melt flow rates at processing temper-
ature (e.g., excellent processability), for & resultant very
excellent balance of tensile properties and melt processabil-
ity. '

For the concentrations of octadecylurea given in
Table VIII there is more than a 250% increase in melt flow
rate as a result of going from 7.8 to 15.7 wt. % of additive;
ané there is & change in tensile strength of less than 20%.
Since the higher concentration of octadecylurea results in
only slightly reduced and still quite satisfactory temsile
strength while causing a very substantial increase in melt
flow, the overall property/rheology balance of the material
is markedly increased-: '
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EXAMPLE 11 - PHYSICAL PROPERTIES OF A SULFONATED EPDM PLASTI-
CIZED WITH VARIJUS SUBSTITUTED THIOUREAS AT
HIGH CONCENTRATION

Various substituted ureas were incorporated into
samples of the neutralized sulfonated EPDM described in
Exacple 1, using procedures similar to those described in
Example 2. Excellent homogeneity was obtained in each of the
plasticized materials. Test samples were prepared and room
temperature tensile measurements were made using the proce-
dures described in Example 9. Melt flow rate measurements
were also made using the technique described in Example 9.
The melt flow rates and tensile properties for the sulfonated
EPDM samples plasticized with various substituted "thioureas
at high concentrations are shown in Table IX.

This example shows that the melt flow rates for
these gums plasticized with various thiouress are excellent.
The melt flow rates of the materials in Table III are roughly
200 times greater than that of the non-plasticized gum into
which they were incorporated. The.tensile properties of the
gums plasticized with various substituted thioureas are com-
parable to, or somewhat greater than that of the non~-plasti-
cized gum. Howevér, the tensile strengths are not as out-
standing as for some of the substituted ureas listed in Table
VII. Therefore, preferred applications for sulfonated elas-
tomers plasticized with these particular substituted thioureas
would involve high rates of fabrication such as extrusion or
injection molding where high melt flow rates would be at a
premium, but the fabricated articles shouldn't require out-
standing tensile strength; for example, some possible appli-
cations are shock absorbz=rs or rubber protective mats.
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EXAMPLE 12 - COMPARISON OF PROPERTIES OF SULFONATED EPDM GUMS
PLASTICIZED WITH HIGH CONCENTRATIONS OF VARIOUS
FUNCTIONAL TYPES HAVING LONG ALKYL CHAINS

Samples of the non-plasticized gum described in
Example 1 were mixed with high concentrations of additives
having various different functional groups. Each of these
edditives contained a long alkyl chain to insure reasomably
good compatibility with the gum at processing.temperatures.
The functional groups in Table X include urea, ester, ketone,
phthalate, alcohol and nitrile, as well as a C18 wax for refer-
ence. Each material was incorporated in the non-plasticized
lightly sulfonated EPDM prepared in Example 1, at a concen-
tration of 60 meq. per 100 g of gum. The procedure described
in Example 2 was used for incorporating the additives into
the non-plasticized gum. The mixes which resulted in very low
melt flow rate compositions (see Table X) were difficult to
mix and required longer times (perhaps 10 minutes or slightly
longer) in the Brabender mixer. Also, these low melt flow
rate compositions tended to mix as chunks rather than forming
a coherent sheet or melt within the mixer. For example, the
nitrile and ketone plasticized samples were particularly dif-
ficult to mix. Howewver, it appeared that adequate dispersion
of the additive in each of the samples was accomplished, and
the material removed from the mixer appeared to be uniform in
all cases. Melt flow rates and tensile measurements were
made on each of the samples using the procedures described in
Example 9. The results are shown in Table X.

The six additives with functional groups shown here

‘a1l have dipole moments well above 0.6 Debyes, so the prior

art does not distinguish between which will be the more effec-
tive additives; yet, when used at identical molar concentra-
tions, there is a difference of about a factor of 75 between
the poorest and the best flow improver here.

These results show that numerous organic chemicals
having high dipole moments are relatively poor as melt flow
improvers when used a2t high concentration in sulfonated EPDM.
The substituted ureas and thioureas are very effective melt
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flow improvers for sulfonated EPDM when used at high concen-
trations, and their excellent effectivenmess as compared with
many other functional additives could not be anticipated
from the prior art.
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Since many modifications and variations of this
invention may be made without depatting from the spirit or
scope of the invention thereof, it is not intended to limit
the spirit or scope thereof to the specific examples thereof.
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wial WE OCLAIM IS:
l. An elastomeric composition comprising:

s
{a) & neutralized sulfonated elastomeric polymer having 10 to %0 meq.

selfonasc groups per :00 grams of said sulfonated elastomeri: polymer, said
suifonac: zroups belng netralized with metal cations; and .
4

R{NH-C-NHR;

per 100 parcts of said neutralized suifonated elastomeric polymer, wherein A is

cxyger cr sulfur and Ry and R» are the same or different and are an alkyl group,

ar. eralxyl group c¢r an aryl group, provided that if Ry and Ro are alkyl groups,

then at least ome of them must -be a C;o to Coo alkyl group or 8 to 75 parts

by weight of an organic amine based on 100 parts of said neutralized sulfonated
elastomeric polymer, wherein said amine is a mono or di-substituted amino naphthalene
tompeund, an amine alkl& substituted naphthalene compound, or a saturated n-alkyl

azire or a mixture thereof. wherein the alkyl group of said n-alkylamine has at

o N J.v_' ‘i . . . .
oms, provided the ures, thiourea or organic amine is solid at
~

- N !
rgast 20 carbon &

A composition acecording to claim 1 wherein said neutralized sulfonated

elastomeric¢ pclymer is formed from Butyl rubber or an EPDM terpolymer.

W

. A composition according to claim 3, wherein said EPDM terpolymer comprises

bout 40 <5 about $0 w-.Z of ethylene, about 10 to about 39 wt.Z of propylene and

m

about 1 te about 10 wt.Z of a non-conjugated diene.

4, A compcsition according to claim 3, wherein said non-conjugated diene is

l,4-nezadiene, dicyclopentadiene, an alkylidene substituted norbornene, an alkenyl

substituted norbcrnene or tetrahyroindene.

. A composition according to claim 4, wherein said non-conjugated diene is

5-ethylidene~2-norbornene.



NN2357

- 41 -

6. A composition according to any one of the preceding claims wherein
said metal cation of said metal neutralized sulfonated polymer is a metal of

groups [-A, II-A, 1-B and II-B of the Periodic Table of Elements lead, antimony
or iron.

7. A composition according to claim 6, wherein said metal cation is zinc.

8. A composition according to any one of the preceding claims wherein said

urea is dibenzylurea.

9. A composition according to any one of the preceding claims which contains

at least 8 parts by weight of said urea or thiourea.

10. A composition according to any one of the preceding claims wherein said

. . . . 0
organic urea or thiourea has a melting point of at least 70 C.

11. A composition according to any one of claims 1 to 7 wherein said amine is

9
1,5~diamino naphthalene, 8—amint2-naphthol, arachidylamine or behenylamine.

12, A composition according to any one of claims 1 to 7 and 11 which contains
at least 10 parts by weight of said amine.

13. A composition according to any one of claims 1 to 7, 11 and 12 wherein
said amine has a melting point of at least 70%¢.
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